The speech-to-song illusion is a type of auditory illusion that the repetition of a part of a sentence would change people's perception tendency from speech-like to song-like. The study aims to examine how pace, emotion, and language tonality affect people's experience of the speech-tosong illusion. It uses a between-subject (Pace: fast, normal, vs. slow) and within-subject (Emotion: positive, negative, vs. neutral; language tonality: tonal language vs. non-tonal language) design. Sixty Hong Kong college students were randomly assigned to one of the three conditions characterized by pace. They listened to 12 audio stimuli, each with repetitions of a short excerpt, and rated their subjective perception of the presented phrase, whether it sounded like a speech or a song, on a five-point Likert-scale. Paired-sample t-tests and repeated measures ANOVAs were used to analyze the data. The findings reveal that a faster speech pace could strengthen the tendency of the speech-to-song illusion. Neither emotion nor language tonality show a statistically significant influence on the speech-to-song illusion. This study suggests that the perception of sound should be in a continuum and facilitates the understanding of song production in which speech can turn into music by having repetitive phrases and to be played in a relatively fast pace.
Introduction
Biologically, speaking and singing are two similar processes. When people speak or sing, larynx, which is an organ located above the trachea, is involved in the production of those voices [1] . Once people listen to speech or song, there is the involvement of cochlea and temporal lobe of our brain for sound processing [2] .
These two forms of communication are also similar in a way that people can express their thoughts and feelings through words. Stanley (1945) has regarded song as a "magnification of speech, which is wedded to the language of music" [3] (p. 268). For instance, rap music is a type of music that connects elements of singing and talking and it is popular among African Americans for the expression of fear, frustration, anger, etc. [4, 5] . Likewise, performers in a musical sing out a story to the audiences.
Although speech and song are similar, people can easily categorize them since the melodic features and a structured rhythm defined different types of song from speech [6] . In recent years, however, the boundary between speech and song is found to be blurred. A song produced by the Chainsmokers named "#Selfie", which contains mainly monologue with upbeat electronic instrumental music, ranked top in Billboard's dance/electronic digital songs charts in 2014 [7] . In 2011, Deutsch et al. discovered the speech-to-song (STS) illusion, in which people's perception of speech would change to perception of song when a small part of the presented speech has repeated for 10 times [6] .
By definition, perception is the process that people recognize, organize, and interpret sensory information received from the environment [8] . The blurring boundary between speech and song recently recognized leads to a scientific question about how people perceive a sound as speech or song. The present research aims at investigating how pace, emotion, and the language tonality of the speech affect people's perception and lead them to experience the STS illusion.
Perception of Speech and Song
Pace, pitch, and rhythm are the three key components of speech and music. Pace (in music, it is called tempo; in speech, it is named as speech rate) has an important role in the expression of emotions. If the speech rate is fast or if the tempo of a piece of music is fast, it could facilitate the expression of anger, fear, or happiness; if the pace of the speech or music is slow, it could convey feelings of sadness (Patel, 2008 , as cited in [9] ). Pitch refers to the listener's perceptual experience of the relative height of sounds [10] . It creates melody in music and prosody in languages [11] . Rhythm is the structured patterning of sounds in its pitch and accents [12] .
Still, it is usually easy for people to distinguish between a speech and a song as they have slight differences in acoustical characteristics. In speech, there are rapid changes in loudness and pitch. Especially in non-tonal languages that is intonational, the contours of the pitch are broadly defined [6, 13] . Moreover, compared with singing, people's pitch during the time when they are speaking is much lower. This helps to convey their extremely deep and heartfelt feelings [3] .
In contrast, songs consist of discrete musical notes. Its pitch relationship as well as its rhythmic structure are more stable and well-defined [6] . Also, the singing voice can be sustained and moved from one tone to another without stopping or jerking by using the technique of vibrato, where this would seldom occur in speaking [3] .
Pace and Music
In defining the pace of a piece of music, previous research mostly classified slow-tempo music as having a pace below 120 BPM (beats per minute) and fast tempo music as having a pace above 120 BPM [14] [15] [16] [17] .
The cognitive effect of fast-tempo music is different from the effect of slow-tempo music. For example, fast-tempo background music, in comparison to playing slow-tempo background music in an advertisement, was found to distract a person's cognitive resources from processing the content of the advertisement, thereby lowering the content recall rate [14] .
Likewise, music with different tempos can affect human behaviors. Milliman's study (1982) discovered that shoppers tend to walk faster under fast tempo background music; conversely, they walk slower under slow tempo background music [15] . When fast tempo music was played at a cafeteria, people consumed food faster, but an opposite effect of slow tempo music was not found [16] . Other behaviors, such as reading (Kallinen, 2002 , as cited in [17] ) or drawing (Nittono, Tsuda, Akai, & Nakajima, 2000, as cited in [17] ), would have an increase in pace when fast tempo music was played.
Pace and Speech Perception
How fast or slow a speech was spoken could influence people's perception of the speech. A speech with normal speaking rate is often compressed or expanded to manipulate different paces of the stimuli for experimental use. Viewing several research studies, the time compression factor for a faster speech was usually at the range from 0.38 to 0.60, whereas for a slower speech, the time expansion factor was between 1.75 and 1.90 [18] [19] [20] .
According to Dilley and Pitt (2010) , listeners reported less function words (e.g. are, or, a) when the context speech rate has slowed down, but they heard a never-spoken function words when the context speech rate has speeded up [18] . A similar study conducted by suggests a lower recall rate of sentences with a slower speech rate, compared with the original speech rate [20] . In another study, it was demonstrated that the effect of speech rate became stronger when the experimental session was extended to an hour [21] . Also, Bosker (2017) found that the speech rate of the context sentence could contribute to people's perception biased towards a particular target vowel [22] . Nevertheless, a study carried out by Dupoux and Green (1997) showed that people could perceptually adjust to the compressed utterance by having more exposure to it and this resulted in an improvement in recalling the sentences [19] .
In addition to sentences, the pace of a word presented could also influence people's perception. Verbal transformation effect is a type of auditory illusion in which people heard words with similar sounds as the target word that are not presented when the target had been played again and again [23] . For example, people reported hearing "stress", "tress", or "Esther" when there was a repeated presentation of the word "rest" [23] . The effect would be reduced when the pace of the presented target word slows down [24] .
Emotion
The emotion we feel influences our perception. In one of the experimental studies, Avramova, Stapel, and Lerouge (2010) used the Ebbinghaus illusion task to examine how emotions influence people's size judgment [25] . The Ebbinghaus illusion is a type of visual illusion where the central circle surrounded by small circles looks larger than another central circle surrounded by large circles, even though the two central circles are of the same size. Compared with participants in negative moods, those in positive mood made more inaccurate judgement on sizes. It was explained that people in the positive mood would attend to both the target and the context information, while people in the negative mood focus primarily on the target. Another experiment also provided evidence that positive emotions facilitate global processing of visual stimuli [26] .
Besides visual perception, our auditory perception could be affected by emotion. A perceptual map has been yielded by Bergman, Västfjäll, Tajadura-Jimenez, and Asutay (2016) illustrating the role of emotion in perceiving and categorizing everyday sounds [27] . Existing literature show how emotions may affect the perception of loudness. People were found to rate tones louder under negative emotion condition than under the neutral condition [28, 29] .
Speech-to-song Illusion
Perceptual illusion is about people's perception of sensory information that may not present physically in the stimuli [8] . In particular, auditory illusion is related to the hearing and perception of sound. People may have reorganized the sound segments in mind which results in an alteration in the experience of the sound, so they may hear a sound that has not been played or they may not be able to report a sound that has actually been presented.
In hearing words, as mentioned above, the verbal transformation effect is one type of auditory illusion that the repetition of words could create words with similar sound as the presented target word [23] . There is also a mismatch between the stimulus and people's percept in hearing musical notes. When simultaneously and repeatedly play two tones that are spaced apart by an octave in alteration in both ears, listeners reported hearing one single tone that switched from ear to ear. This is known as the octave illusion [30] . Recently, a type of auditory illusion is found to be related to the perception of speech and song. It is called the speech-to-song (STS) illusion.
When people hear a short phrase repeatedly, their perception transformed from speech to song [6] . It is important to note that only participants' perception has been altered, the stimuli has not changed at all. In Deutsch et al. (2011)'s experiment, a sentence that lasted for 10.146 s was presented to the participants [6] . A short excerpt of 2.292 s was then played for 10 times. Following that, participants heard the original full sentence again. Right after each presentation, there was a 2300 ms pause where participants had to rate their perception of the phrase on a five-point Likert-scale with 1 representing "exactly like speech" and 5 representing "exactly like song". Comparing the mean ratings of the short excerpt on the first and final presentations, the rating score increased from around 1.30 to around 3.70.
This illusion occurred in everyone, no particular group of people are exempted. In spite of the fact that musically trained people have higher sensitivity to the pitch structure in music and language [31] , both musically trained participants and casual music listener experienced the illusion [13] .
Neurological evidence revealed that the phrases presented had indeed activated several song perception related brain areas for pitch patterns processing and auditory motor processing, such as the anterior superior temporal gyrus, the right lateral precentral gyrus, and the left inferior frontal gyrus [32] .
In fact, the tonality and familiarity of the presented speech can determine the occurrence of the illusion.
Language tonality. There are two main categories of the tonality in languages, namely, tonal language and non-tonal language. Tonal language is defined by its discrete pitch value of the syllable with lexical semantic meaning encoded [33, 34] . Cantonese is a type of tonal language. It consists of six tones that defines the semantic meaning of the words. The six tones are high level (T1), high rising (T2), mid level (T3), low falling (T4), low rising (T5), and low level (T6) [35] . Take the monosyllable /tin/ as an illustration, it could mean sky when it is in a high level tone (/tin1/, 天) or it could mean farmland when it is in a low falling tone (/tin4/, 田). Unlike tonal language, non-tonal language is defined by its variation in pitch that would not affect the lexical meaning of the words [33, 34] . In English, there are no specific tone for a particular word. The variations in pitch are primarily used for giving emphasis, expressing feelings, and indicating whether it is a statement or a question [9] . Changing the pitch of the words would not alter the meaning expressed.
The STS illusion was observed in both tonal language stimuli and non-tonal language stimuli. Among different tonal languages, Thai and Mandarin had been investigated [34] . The mean change of rating scores in participants' perception from speech to song was the same in these two tonal languages, which was 0.40. Contrary to tonal languages, there were slight differences in the mean rating change in several non-tonal languages examined. In Margulis, Simchy-gross, and Black (2015)'s experiment, Irish had the largest change in rating (mean rating change = 0.92) and Portuguese had the least change (mean rating change = 0.25) [36] .
Even though the illusion occurs in all languages investigated, a difference was found between native tonal language speakers and native non-tonal language speakers on their perception of the spoken excerpt. As exemplified by Jaisin et al. (2016) , the illusory change from speech to song was less obvious among people with mother tongue of a tonal language [34] . It was suggested that this group of people may have a tendency of not rating the stimuli as song-like due to the fact that they turn to code pitch patterns as linguistic.
Language familiarity. According to Margulis et al. (2015) , the illusion occurred significantly stronger when the phrase presented was spoken in an unfamiliar language with difficult pronunciation [36] . Jaisin et al. (2016) also mentioned that not being able to comprehend the linguistic information of the utterance might facilitate the person to interpret its prosodic features to be musical [34] . Margulis et al. (2015) explained that the semantic satiation effect has given rise to the STS illusion. For this reason, the person would focus more on listening the sound of the phrase instead of its semantic meaning after hearing several repetitions [36] .
Purposes
Even though a number of research has identified that the tempo in music could affect people's behavior (e.g. speed of walking) and memory (i.e. content recall rate) [14] [15] [16] [17] as well as the speech rate could affect people's speech perception [18] [19] [20] [21] [22] 24] , particularly in the recognition of words, no existing study has ever tested the effect of pace on the auditory illusory transformation. This study is a pioneering study to investigate the effect of pace in affecting the perception of the STS illusion.
Regarding emotion, previous research discovered that the emotion people are experiencing could affect how they perceive visual information [25, 26] . Nevertheless, the effect of emotion on people's auditory perception of speech and song has not been examined before. Hence, the second purpose of the experiment was to test the effect of emotion on the experience of STS illusion.
In addition, it is known from existing research that all languages could produce the STS illusion [6, 13, 34, 36] . However, no previous study has ever focused on the tonal and non-tonal language effect with participants familiar with all the stimuli languages. The participants in Jaisin et al. (2016) [34, 36] . Also, Cantonese, a type of tonal language with six contrasting tones, has not been studied before. The current experiment compared the effect of the STS illusion among Hong Kong college students in the two types of languages that they know well, which are Cantonese (i.e. tonal language) and English (i.e. non-tonal language).
The research question of this study is: How do pace, emotion, and language tonality affect STS illusion?
The hypotheses are: H1: Stimuli played in a fast pace would lead to a stronger STS illusion. H2: Positive emotion induced in the stimulus would lead to a stronger STS illusion. H3: Non-tonal language would lead to a stronger STS illusion.
Materials and Methods

Design
This study used a between-subject and within-subject experimental design. As illustrated in Figure 1 , the independent variables include pace, which was a between-subject variable, whereas the other two independent variables, emotion and language tonality, were the within-subject variables. Since Cantonese is the native language used in Hong Kong, it is the tonal language selected for investigation in this experiment. The non-tonal language selected is English. It is the second language commonly-used in Hong Kong. The dependent variable in this experiment was people's perception of speech and song, which was measured by their pre-repetition score and post-repetition score. 
Participants
Sixty local university students (16 males, 44 females; mean age = 20.18, SD = 1.40) were recruited in this study. None of them have hearing impairments, congenital amusia, or perfect pitch ability They were native Cantonese speakers and has been learning English since they were in kindergarten (mean age of start learning English = 3.61, SD = 1.08). It is also common among local universities students to speak more than two languages, both tonal languages (e.g. Cantonese, Mandarin) and non-tonal language (e.g. English, French). The median of the number of languages they can speak was 3. The average years of music training was 5.24 years (SD = 4.78; range: 0 -16 years).
The data sets of four other participants were excluded from the data analysis either because they did not meet the English language requirement of obtaining level three in English in the Hong Kong Diploma of Secondary Education Examination or other English language equivalent qualification (n = 3) or because they reported having cognitive amusia (n = 1).
Participants were randomly assigned to one of the three conditions characterized by the pace of the stimulus, which were the fast pace condition, the normal pace condition, and the slow pace condition. There were 20 participants in each condition.
Materials
Stimuli
A pilot test was carried out to prepare sentences with different emotionality. Twenty-three participants at the age of 18 to 25 rated 60 sentences extracted from books (30 Chinese sentences and 30 English sentences) on a five-point Likert scale with 1 representing "I feel strongly negative" and 5 representing "I feel strongly positive". The selection of stimuli was based on the scoring of the sentences (i.e. positive sentences: not less than a mean score of 4; negative sentences: not greater than a score of 2; neutral sentences: a score of approximately 3).
A total of 12 sentences (6 Chinese sentences and 6 English sentences) were then selected as the stimuli for the experiment. Within each language, two of the stimulus sentences convey positive emotions, another two of them convey negative emotions, and the other two were neutral sentences that consist of facts. Table 1 shows the mean rating score of emotion of the 12 sentences. Both positive Chinese and English sentences received a mean score of 4.13 (SD of Chinese sentences = .69; SD of English sentences = .71). For negative emotion, the Chinese sentences had a mean score of 1.63 (SD = .41) and the English ones had a mean score of 1.93 (SD = .43). The mean score of the neutral Chinese sentences and the neutral English sentences were 3.48 (SD = .49) and 3.11 (SD = .23) respectively. All the sentences were recorded by a female speaker speaking in a normal rate, in which six of them were spoken in Cantonese and the rest were spoken in English. In fact, there are two subtypes of Cantonese, the colloquial form and the written form. Colloquial Cantonese is primarily used informally in daily causal conversation; whereas written Cantonese is formally used in newspaper, textbooks, documents, etc. For instance, the phrase "你想做什麼?" ("What are you going to do?") is in written form and its colloquial form is "你想做咩?" ("Whatcha gonna do?"). To simulate Cantonese songs in the present experiment, the stimulus sentences were spoken in the written language form of Cantonese since most Cantonese songs are sung in written language rather than in colloquial language. Table 2 below displays some of the stimulus sentences that were used for the experiment. As similar in previous research [6, 13, 34, 36] , the mean length of the full stimulus sentences was 11.51 s (SD = 2.06) and the mean duration of the short excerpt was 2.06 s (SD = .42) with number of syllables between 6 and 10. All short excerpts were extracted by using Audacity 2.1.3 [37] .
The pace of the stimuli was manipulated by PSOLA in Praat software [38] . The time-compression factor was 0.65 for the fast pace condition. The time-expansion factor was 1.65 for the slow pace condition. All recordings were saved as WAV signed 16-bit PCM file at a sampling frequency of 44.1 kHz.
Questionnaire and measures
A questionnaire was designed to understand participants' demographic information and to make sure all participants are bilingual with Cantonese as their mother language and do not have hearing difficulties, cognitive amusia, or perfect pitch ability.
The present study followed prior experiments in measuring people's perception of how the stimulus phrases sound like, whether it is perceived as speech-like or song-like [6, 13, 34, 36] . A fivepoint Likert scale was used for measurement, where 1 represents "exactly like speech" and 5 represents "exactly like song". Participants' responses were recorded by clicking the number of the Likert-scale showed on the computer screen.
Procedures
Participants signed the informed consent before taking part in the experiment. They were randomly assigned to the fast, the normal or the slow pace condition. Procedures for all conditions are the same, only the pace of the stimulus sentences are different. Figure 2 presents the procedures of this experiment. Participants were seated in front of a computer (screen size 16.8 x 29.5 cm) in a quiet place at campus and were required to put on an earphone. The distance between them and the monitor screen was approximately 40 cm. Google form was used as an online experimental platform. All of their responses were made via the use of the keyboard and the mouse.
First of all, the instructions of the experiment were displayed on the screen. Participants had to click the continued button by themselves at the end of the page when they are ready. Following the experimental procedures of previous studies [6, 13, 34, 36] , there are three consecutive phases for the stimulus. In the first phase, participants were asked to listen carefully to the full sentence once (i.e. Deep down, I knew it wouldn't go away. I held her again, not knowing what else to do, tears filling my eyes, trying and failing to be the rock I think she needing). In the next phase, the selected short excerpt (i.e. Deep down, I knew it wouldn't go away) was then played repeatedly for 10 times with a pause of a duration of 2300 ms in between each repetition. This was followed by playing the full sentence once again in the last phase. Figure 3 shows the arrangement of the stimulus. For each stimulus, participants had to rate twice, once after the first presentation of the full sentence in the first phase and once after the last phase. Participants were asked to rate their subjective perception of how they think the presented phrase has sounded like immediately by using a mouse to click on a number in the five-point Likert scale displayed on the computer screen (see Figure 4 ). They were reminded not to rate the phrase based on what it originally is, but rather, what they feel the phrase is. The experiment lasted for 25 minutes. During the experimental process, participants listened to 12 trials with both languages included. The trials were played in randomized order. 22 sets of 12 numbers per set were created by research randomizer [39] . After the completion of the experiment, all participants were given a debriefing form.
Research ethics
Before the start of the experiment, all participants are required to sign a consent form. In the experimental process, they may experience fatigue after listening to several trials, each with 10 repetitions of the phrases. Yet, this fatigue is tolerable. Participants can ask for a break and click on the continued button to listen to the next trial until they are ready. If participants cannot stand the fatigue, they could choose to discontinue their participation at any time during the experiment. After they completed the experiment, they were debriefed about the purposes of the study. The principles and procedures used in the study concerning human research ethics were approved by the Human Research Ethics Committee of Hong Kong Shue Yan University in August 2017.
Results
The Speech-to-song Illusion
Paired sample t-tests were computed to compare the significant difference between the prerepetition rating and the post-repetition rating. To examine if the groups were significantly different from each other, two repeated measure ANOVAs were performed to compare the mean rating change within or between groups. The ANOVAs were 2 (ratings) x 3 (emotion) ANOVA, and 2 (ratings) x 2 (language tonality) ANOVA.
On the whole, the post-repetition rating (M = 1.95, SD = .70) of the stimuli was significantly higher than the pre-repetition rating (M = 1.71, SD = .54), t(59) = 3.23, p < .01, d = 0.394. This indicated a small change in perception from perceiving the stimuli as speech to perceiving the stimuli as more song-like after the repetition of the excerpts.
The Effect of Pace
Analyzing each condition separately, it was found that the STS illusion only occurred when stimuli were played in a fast pace, which had a rise of score from a mean pre-repetition rating of 1.800 (SD = .48) to a mean post-repetition rating of 2.217 (SD = .70), t(19) = 3.055, p < .01, d = 0.696 (see Table  5 ). In spite of the fact that the post-repetition rating score was higher than the pre-repetition score in normal pace (Pre-repetition score: M = 1.76, SD = .66; Post-repetition score: M = 1.82, SD = .60) and slow pace (Pre-repetition score: M = 1.56, SD = .47; Post-repetition score: M = 1.83, SD = .75), paired sample t-tests showed that the two rating scores did not differ significantly from each other. Hence, the first hypothesis that fast pace lead to a stronger STS illusion is confirmed. When self-selected stimulus was used, only those played in a fast pace could give rise to the illusory transformation.
The Effect of Emotion
As illustrated in Table 5 , all three types of emotion could significantly result in the STS illusion. Yet, no one particular type of emotion could cause a stronger illusion. The analysis from ANOVA showed no significant interation effect between the two ratings and the three types of emotion, F(2, 58) = 1.431, p > .05, ηp 2 = .047. The mean rating change among the three groups characherized by emotion (positive, negative, neutral) did not differ, the second hypothesis that positive emotion induced in the stimuli would lead to a stronger STS illusion is therefore rejected.
The Effect of Language Tonality
As seen in Table 5 , both Cantonese and English could significantly result in the STS illusion. There was an increase from 1.56 (SD = .56) to 1.78 (SD = .71), t(59) = 2.749, p < .01, d = 0.330, when stimuli were spoken in Cantonese. An increase in ratings was also observed in stimuli spoken in English. The score rose from 1.85 (SD = .66) to 2.13 (SD = .81), t(59) = 3.097, p < .01, d = 0.384.
The ratings x language tonality interaction was not significant, F(1, 59) = 1.018, p > .05, ηp 2 = .017. Between Cantonese (tonal lanugage) and English (Non-tonal language), the change of the mean rating were no different from each other. So, the third hypothesis that non-tonal language would lead to a stronger STS illusion is not supported. 
Separate analysis of the ratings
In analysing each ratings, two 3 (pace) x 3 (emotion) x 2 (language tonality) ANOVAs were computed, one on the pre-repetition rating, another one on the post-repetition rating. See Table 4 -6 for the effect of the independent variables on the two ratings.
Pre-repetition rating
There were significant main effects for emotion (F(2, 56) = 45.936, p = .000, ηp 2 = .621) and language tonality (F(1, 57) = 14.792, p = .000, ηp 2 = .206). Besides, the emotion x language tonality interaction was significant, F(2, 56) = 26.360, p = .000, ηp 2 = .485. As shown in Figure 5 , the effect of emotion on the prerepetition score differs depending on language tonality. Overall, neutral stimuli received the lowest score in the two languages. When the stimuli were provided in Cantonese, the scores for positive emotion and negative emotion were very similar (Positive emotion: M = 1.63, SE = .09; Negative emotion: M = 1.65, SE = .09). When the stimuli were given in English, there was a greater difference in the score among the three types of emotion. 
Post-repetition rating
Different emotions and the two languages lead to difference in perception in the pre-repetition rating, and this pattern persisted to the post-repetition rating. The main effects for emotion (F(2, 56) = 35.161, p = .000, ηp 2 = .557) and language tonality (F(1, 57) = 20.235, p = .000, ηp 2 = .262) were significant. The interaction of emotion and language tonality has also reached the significance level, F(2, 56) = 17.218, p = .000, ηp 2 = .381 (see Figure 6 ). 
Discussion
Briefly, this study found that the STS illusion was more obvious under the fast pace condition. The results also revealed that all three types of emotions (positive, negative, and neutral) and both two types of language tonality (tonal language and non-tonal language) could result in the STS illusion. Yet, not a particular type of emotion or language tonality could lead to the strongest experience of the illusion.
The Speech-to-song Illusion
Overall speaking, the post-repetition score was significantly higher than the pre-repetition score, indicating the role of repetition in changing our auditory perceptual experience. This is consistent with previous studies investigating the STS illusion [6, 13, 34, 36] .
Compared with previous studies, however, there are differences in the post-repetition score and the mean rating change. In the existing research, a contrast in scores is also observed when different stimuli were used. Using the stimulus recorded by Deutsch, she found that the mean rating score difference was 2.4 [6] and Vanden Bosch der Nederlanden et al. (2015) found a mean rating change larger than one, the score increased from 1.58 to 3.05 (i.e. the change of score was 1.47) [13] . Very differently, when self-selected stimuli were used, the mean rating change of the score of the stimuli were less than one [34, 36] .
The contrasting results may be due to the pitch variation of the recording. In Deutsch's recording, more pitch range are shown. Transforming her speech recording of the short excerpt (i.e. sometimes behave so strangely) to melody, it was D#4, D#4, C#4, B3, D#4, C#4, F3 [6] . Yet, even when the same phrase was spoken by other people, the pitch range was not that large. In the second experiment conducted by Deutsch et al. (2011) , a group of participants repeated the phrase back after listening once to the stimulus, and the average melody was B3, B3, B3, A3, B3, A3, G3 [6] .
Second, there is a cultural difference in responding to a Likert-scale. In the two previous studies, participants were all native English speakers, which are categorized as westerners. The current study recruited Hong Kong college student, which are categorized as Asians or Easterners. It was discovered that in answering questions on a Likert scale, Easterners tend to choose midpoints while Westerners tend to choose the extreme responses [40, 41] .
Third, participants in this current study may be influenced by their native language. All of them are native in Cantonese, which means they are native tonal language speakers. Their lower rating scores supported Jaisin et al. (2016)'s study that among native tonal language speakers, the experience of the STS illusion is reduced [34] . In tonal language, different pitch value of the syllable is encoded with different semantic meaning. Having been listening to tonal language since they were born, they inherently code pitch patterns as linguistic [34] and they are better at identifying pitch. In the study conducted by Mok and Zuo (2012) , the native tonal language speakers performed more accurately than non-tonal language speakers in two AX discrimination tasks of Cantonese monosyllables and pure tones resynthesized from Cantonese tones [42] . Therefore, in the current study, the pitch they heard was easily identified, but it was not interpreted highly as song.
Pace
The findings that the STS illusion occurred in fast pace but not in slow pace in the current study is consistent with other research conducted on auditory illusion, specifically, the verbal transformation effect. A reduced effect was found when the presented target word was played slower [24, 43] .
The reason that people perceive speech presented in a fast pace as more song-like may possibly be related to our cognitive capacity and neural circuitry of pitch salience.
From Oakes and North (2006)'s experimental study, people had a lower recall rate of the advertisement information when fast-tempo background music was played [14] . This is because music in a faster pace distracted the person from information processing. Speaking of the STS illusion, Deutsch et al. (2011) made two hypotheses in regard to the occurrence of the illusory transformation [6] . First, there is the inhibition of the neural circuitry on pitch salience while people are listening to speech spoken in a normal pace, so they have full focus on the meaning of the speech. Then, when they hear several exact repetitions of the speech, there is an activation of their neural circuitry. This is supported by Tierney, Dick, Deutsch, and Sereno (2013)'s fMRI brain imaging research which discovered that presenting the phrases repeatedly activated brain regions like the anterior superior temporal gyrus for pitch processing [32] . In a later study, Margulis et al. (2015) explained the illusion using a terminology, namely, the semantic satiation effect [36] . It means that when people repeatedly listen to a same phrase, they would start to pay attention on other characteristics of the phrase (e.g. pitch), rather than keep on processing the meaning of the phrase. A faster pace which could distract people from processing information, together with the effect of the repetition of the phrase may be able to enhance the activation of the brain regions perceiving musical elements.
Emotion
This study revealed that all three types of emotions could result in the STS illusion. There was no difference among the three types in leading to the illusory change. This is unlike previous studies investigating on visual perception. It was found that people in positive mood process visual stimulus globally, thus, they are more likely to be affected by the context information in the Ebbinghaus illusion task; whereas in negative mood, as people process the stimulus locally, they could make better judgment in the task [25, 26] . It may be that the effect of emotion on visual perception is not the same on auditory perception. Furthermore, the difference may be due to the design of the experiment. Even though a pilot study was conducted to understand the emotionality of the sentences and the sentences selected has reached the selection criteria, having emotion as a within-subject variable would mean that participants were listening to sentences in all three types of emotions. As a consequence, the effect of emotion induced by the sentences would reduce.
Language Tonality of the Stimuli
Similar to the effect of emotion, both tonal language stimulus (i.e. Cantonese) and non-tonal language stimulus (i.e. English) could lead to a significant STS illusion. This confirmed previous studies that the illusion could be seen in both tonal language and non-tonal language stimulus [6, 13, 34, 36] . The current research suggests that the effect of the language tonality of the stimulus on the STS illusion do not differ significantly among bilingual speakers native in tonal language with non-tonal language as secondary language.
Other Observations
There is an alternative explanation for not having significant main effect in emotion and language tonality in the STS illusion. From the separate analysis of ANOVAs on the pre-repetition score and the post-repetition score, the effect of emotion and language tonality can be seen from the pre-repetition score and the effect sustained in the post-repetition test. In fact, the song-like effect has started even without the repetition of the phrases.
In emotion, its effect was significant in both ratings. Positive emotion sentences received the highest score while negative emotion sentences received the lowest score. It is wondered why the speech is heard as more musical when it is in a positive emotion. This could possibly be explained from the field of positive psychology. According to Fredrickson (2001) , positive emotion broadens people by making them more open to different kinds of information [44] . Just as mentioned in the previous parts, they process visual stimulus globally by looking at both the target information and context information [25, 26] . So, after participants have heard the full sentence in the first phase, the influence of positive emotion already come into effect.
In language tonality, the significant main effects in both pre-repetition score and post-repetition score indicates that non-tonal language stimuli had a significantly higher rating than the tonal language stimulus. Why is the speech heard as more musical when it is spoken in English? To Hong Kong people, the non-tonal language is their second language. Though they have been learning English since they were in kindergarten, it is quite common to see people speaking English in Hong Kong accent, where the influence of Cantonese like speaking in a flat tone and in a certain discrete pitch is prominent. Sewell and Chan (2010) also identified several consonantal features in Hong Kong English accent [45] . For example, 76 % of the Hong Kong people substitute the TH sound by [d] , like saying 'dose' for 'those'. This may suggest that the second language people learned appear to sound more musical than their native language.
As all the conditions characterized by emotion or language tonality had an increase of score, there was no significant result found in the effect of emotion and language tonality on the STS illusion. It is concluded that emotion and language tonality could lead to a different perception at the very beginning, yet these effects did not change after the repetition of the phrases and were not strong enough to bring a significant illusory transformation.
Implications
This research adds new colors to the existing knowledge about auditory perception of music and speech. According to the findings, we could understand that simply presenting speech in positive emotion spoken in English to native Cantonese speakers sounds more musical to them. We also understand that a repetitive speech in a fast pace sounds more musical. It shows that speech and music are not in a dichotomy, it seems like a continuum. In some occasions, for example, in a repetitive speech, a speech spoken in a fast pace, or speaking in a higher pitch range such as the infant-directed speech, the 'speech' would appear to be musical and song-like. Applying this in daily life, some promotions or announcements in advertisements can be presented with repetition of phrases so that it would be more appealing by sounding more musical.
Furthermore, the current research facilitates the understanding of song production. We can see that songs in every genre typically have a chorus part. This could be explained by the present research that repetition makes sound to be more musical. Speech can turn into music in a very simple way. What makes it happen is by having repetitive phrases and to be played in a relatively fast pace. So, in the creation of songs, we should bear in mind the presence of repetitive phrases or words throughout the songs. For songs to excite people, fast tempo can be employed as people turn to be more aware of the musical elements like melody and rhythm. Although fast tempo was found to sound more musical in this study, we are not suggesting that all songs have to take up a fast tempo simply because they may sound more musical. In creation of songs, meaning and purposes are equally important as its musical virtue. For songs to bring out important messages or arise certain sentiment, slower pace could be more appropriate.
Limitations and Future Study
The current study has its own limitation. First, it would be better to define emotion as a betweensubject variable so that participants would only listen to one type of the emotion and stay with the emotion evoked. Second, there was a lack of control on the time participants chose their ratings. Some participants clicked on the second rating after several repetitions had been played; some took a while to rate after the recording was played. It was not sure if they rated within 2300 ms, a time period for rating score in Deutsch et al. (2011)'s research [6] . Third, there was a problem in the playing of the recordings. Google Form was used as an online experimental platform, which depends on a good Wi-Fi connection. In a few occasions, the Wi-Fi connection was poor, thus the playing of the recording was sometimes delayed or disrupted. This may affect how those affected participants perceive what they heard. In the future, it would be better to use psychological programs (e.g. E-Prime, PsychoPy) that does not rely on internet connection.
Although slightly higher scores in non-tonal stimuli (English stimuli) can be observed in this study, we are cautious not to make a firm conclusion on the effect of language tonality. We have the concern that the differences could be due to the effect of familiarity of the language as English is, after all, the second language of Hong Kong people. To differentiate the effect of language tonality and the effect of language familiarity, future study is needed to test bilingual speakers who can speak both one tonal language and one non-tonal language equally well.
Also, as mentioned in previous parts, the contrast of scores and the contrast in the effect of pace in the two experiments may possibly due to a larger pitch variation in Deutsch's stimulus. Meanwhile, Graber, Simchy-Gross, and Margulis (2017) stated that the stimuli that could lead to the STS illusion had music-like, isochronous beats [46] . And we can see from people playing any kind of drums that the sound does not have a large variation in pitch, yet it is still musical because of the regular beat pattern. Future study could explore if the pitch variation, the pace, or the rhythm of the sound is more vital to make sound more musical.
Moreover, brain imaging studies could be done to further investigate the STS illusion so as to understand more about how brain regions for language comprehension and pitch processing work, how these regions interact to perceive a sound, and whether there is more activation of the pitch processing areas when fast pace speech or fast pace music was played.
It would also be interesting to study people who has perfect pitch ability, congenital amusia, or aphasia to understand how they process sound and how they perceive the STS illusion. Additionally, the findings may be able to help people with congenital amusia. Congenital amusia is defined by having the difficulty in processing and recognizing pitch differences. People with amusia could understand language well and speak languages fluently but have difficulties in perceiving music [47, 48] . The STS illusion connects the language domain and the music domain. Future study could investigate whether the stimulus that invoke the most STS illusion, such as the stimulus recorded by Deutsch, would activate the musical pitch processing when these people listen to the stimulus.
Conclusions
To conclude, this study shows that faster speech pace could result in stronger effect of the speech-to-song illusion. It was also found that neither emotion nor language tonality has a main effect on the speech-to-song illusion. In all, this is a pioneering study that explores the role of pace, emotion and language tonality in the speech-to-song illusion. Its findings enable us to understand that speech and song perception is not in a dichotomy but in a continuum.
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